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METHOD AND APPARATUS FOR ELECTRICAL RESISTANCE SPOT 
WELDING USING ELECTRICAL SERVO ACTUATOR 

RELATED APPUCATIONS 
The present application claims the benefit of U.S. provisional application serial # 
60/445,035 filed February 6, 2003. 

5 FIELD OF THE INVENTION 

The present invention relates generally to spot welding guns and, more specifically, 
to welding guns that adjust the spacing of the electrodes during the welding event. 

BACKGROUND OF THE INVENTION 
U.S. Patent No. 4,419,558 to Stiebel et al. and an SAE Technical Paper entitled 

10 "Monitoring and Control of Spot Weld Operations" by Stiebel et al. describe monitoring and 
controlling electrical resistance spot-welding by measuring displacements of the electrodes 
during welding. After the squeezing force is applied by the electrodes to the work pieces and 
the supply of welding current is initiated, the metal at the work site first expands thermally as 
it heats (expansion) and then flows plastically as it softens and fuses (indentation). The 

1 5 electrodes are displaced by the expansion and indentation of the metal at the weld site as well 
as by the expansion and contraction of the electrodes. Thus, measurements of the 
displacement of the electrodes during formation of the weld provide information indicative 
of the state of the metal at the weld site. 

It has long been known that moderate indentation almost always ensures a good weld. 

20 The ability to measure the onset of indentation makes it possible, therefore, to shut off the 
welding current upon detection of indentation with a high level of assurance that a good weld 
has been formed. The Stiebel et al. patent and the Stiebel et al. technical paper referred to 
above are incorporated in their entirety by the foregoing reference to them into the present 
specification. 
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In the method and apparatus of the Stiebel patent (and the Stiebel et al. technical 
paper) consistent measurements of displacement are assured by interposing a mechanical 
compression spring between the piston of an air cylinder (or its equivalent) that moves the 
movable electrode into engagement with the work piece and a stationary electrode. 
5 A load cell associated with the spring detects the changes in the load imposed on the 

spring as the movable electrode is displaced upon expansion and indentation of the metal of 
the work pieces at the weld site during formation of the weld. Compressing the spring 
during expansion provides changes in the resulting forces in the spring and thus on the load 
cells that are directly proportional to the displacement of the movable electrode. Without the 

10 spring, for example with a hydraulic or pneumatic cylinder directly working on the movable 
electrode, the piston is theoretically free to displace with the movable electrode in direct 
correspondence with the electrode movements, thus providing no change in load and no 
opportunity to detect electrode displacements by detection of load changes. 

U.S. Patent No. 5,504,297, also to Steibel et al., applied these teachings by providing 

15 a pair of opposed electrodes mounted on arms that are fixed against outward displacement 
during the application of the welding current. One of the arms includes a pneumatic cylinder 
for moving one of the electrodes to and away from the workpiece. The cylinder includes a 
piston rod attached to a clutch by a ball screw mechanism. A brake assembly is connected to 
the unidirectional clutch to prevent outward displacement of the electrodes during expansion 

20 of the weld nugget and to permit inward movement of the electrodes to provide indentation 
of the weld after the nugget softens. 

U.S Patent No. 5,789,719 to Pary et al. discloses an apparatus for electrical resistance 
spot welding that includes a pair of opposed electrodes wherein one electrode is movable 
into contact with a workpiece by actuating a hydraulic cylinder. A pilot operated check 

25 valve is provided that permits a one way flow of hydraulic fluid while the weld current is 
applied. The check valve is operative to prevent movement of the electrode away from the 
workpiece during expansion of the weld nugget, however, permits inward movement of the 
electrode after the weld nugget is softened. 
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SUMMARY OF THE INVENTION 
The present invention further improves on the prior art by providing a servo driven 
spot welder where an electric servo actuator moves at least one of two electrodes to and 
away from the workpiece. The servo drive allows accurate control of the position of one of 
5 the electrodes such that the position may be adjusted during the welding event. 

A power source is provided in conmiunication with the welding gun to provide power 
to the actuator for movement and to the electrodes for welding. 

A sensing device may be provided between the servo drive and the electrode for 
sensing the load on the electrode during the welding event. The sensing device is operative 
10 to sense when a weld nugget that forms on the workpiece expands to cause an increase in the 
load and becomes plastic to cause a decrease in the load. Alternatively, the load on the 
electrode may be indirectly determined by estimating the load on the servo actuator. For 
example, a change in current draw of the servo actuator due to the weld nugget expanding 
and becoming plastic is directly related to the strain on the electrode during the welding 
15 event. 

A controller conmiunicates with the sensing device and the power source. The 
controller operates to receive a signal from the sensing device that is indicative of a load 
change at the electrodes and to stop providing weld power to the electrodes when the weld 
nugget becomes plastic. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood by reference to the 
following detailed description in conjunction with the accompanying drawings in which 
the like reference characters refer to like parts throughout the several views and in which: 
Figure 1 illustrates a perspective view of the welding gun as according to the 
25 invention; 

Figure 2 illustrates a side view of the welding gun of Figure 1 wherein movement 
of the electrode is shown; and 
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Figure 3 illustrates a top view of the welding gun of Figure 1 in communication 
with a controller. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
According to Applicant's U.S. Patent No. 6,596,958, the entire contents of which are 
5 incorporated herein by reference, a modular spot welding gun may be provided that is bolted 
together from a variety of interchangeable parts. An example of a modular spot welding gun 
10 is shown in Figures 1 and 2. 

The welding gun 10 is generally referred to in the industry as a "C" or straight action- 
welding gun. The welding gun 10 includes a main frame 12 that may have an integral robot 
10 mount 14 for mounting the welding gun 10 to a robot. A lower C-shaped arm 16 holds a first 
electrode 18. A second electrode 20 is supported by an actuator 22. The actuator 22 moves 
the second electrode 20 with a "straight action" towards and away from the first electrode 18. 
This operation is similar to the way in which a C clamp closes by moving one clamping 
element directly towards an opposite clamping element. Although the following description 
15 makes reference to "C" type welding gun of Figure 1, it is appreciated that other types of 
welding guns that accomplish spot welding by moving at least one electrode toward the other 
to close upon the workpiece may be used, which illustratively include pinch and scissors 
type welding guns. 

The actuator 22 in the illustrated embodiment is an electric servo with an internal ball 
20 screw or roller screw arrangement and a square cross section rod that acts as an anti-rotate 
feature. These aspects of the welding gun 10 are discussed in more detail in Applicant's 
above-identified patent. The present invention may be used with many modular welding gun 
designs, such as shown in the patent, as well as non-modular designs. 

The welding gun 10 is assembled from modular components with the lower C-shaped 
25 arm 16 made of bar stock. A lower yoke 24 bolts to the lower arm 16 and interconnects with 
the frame 12. The frame also supports the actuator 22. The yoke 24 comprises a pair of 
plates that clamp together with the weld arm 16 trapped therebetween. In this way, the lower 
arm may be easily undamped from the yoke 24 and replaced or modified. 

4 


MCO-10402/08 
40402/jal 


Referring to Figure 2, a work piece 30 is shown positioned against the first electrode 
18. The actuator 22 is operable to move the second electrode 20 toward the first electrode 18 
until it contacts the work piece 30. A welding event then occurs, with current flowing 
between the first 18 and second 20 electrodes. As will be described in more detail herein 
5 below, the second electrode 20 is held stationary relative to the first electrode 18 during the 
initial part of the welding event, as the weld nugget is formed and expands. Subsequently, 
the second electrode 20 may be moved toward the first electrode 18 as the weld nugget 
softens or becomes plastic, and indentation occurs. 

Referring now to Figure 3, an actuator 22 is shown in cross-section, with a weld 

10 controller 42 illustrated schematically. The actuator 22 is a servo actuator which includes a 
ball screw drive having a screw rod 44 that threads through a ball nut 46. A motor, not 
shown, rotates the screw rod 44 such that it translates relative to the nut 46. A servo rod 48 
is interconnected with the screw rod 44 such that it translates along with the screw rod 44. 
Preferably, the servo rod 48 has a square cross-section and passes through a square opening 

15 in an end plate 50 in the actuator 22. The combination of the square servo rod 48 and the 
square opening in the end plate 50 creates an anti-rotate feature such that the moveable end 
52 of the actuator 22 does not rotate as it moves along its axis of motion, illustrated by line 
A. The servo rod 48 and the screw rod 44 are interconnected such that rotary motion of the 
screw rod 44 does not cause rotary motion of the servo rod 48, but the two rods translate 

20 together along the axis of motion A. Alternatively, the actuator 22 may be constructed such 
that the ball nut 46 is rotated with respect to a stationary screw rod 44 to cause movement of 
the servo rod 48. Also, a roller screw design may be substituted for the illustrated ball screw 
design. 

According to one embodiment of the present invention, a load sensor 54 is provided 
25 close to the drive end 52 of the actuator 22 so as to sense strain on the end 52. One of the 
electrodes is mounted on the end 52. This arrangement may also be seen in Figure 2, where 
the actuator 22 includes a load sensor 56. An electrode assembly 58 is mounted to the end 
52 of the actuator 22, and includes the electrode 20, as well as connecting points for the 
current supply. In use, the sensor 54 or 56 may be operable to sense the strain, load, or 
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pressure on an electrode. The sensor 54 communicates with the weld controller 42. The 
weld controller 42 may include a software or hardware module specifically designed to 
conmiunicate with the load sensor 54. This is indicated as 'TFF" at 60. This stands for 
"Thermal-Force Feedback." As an alternative, the load sensor 54 may be positioned by the 
5 stationary electrode. 

The load sensor 54 may be of any suitable type such as a piezoelectric strain gauge, 
and sends a signal indicating the load on the electrode. The weld nugget expands when 
being heated by the electrodes causing an increase in the load on the electrode due to the 
pressure exerted by the expansion of the weld nugget. Unlike with a hydraulic or pneumatic 
10 cylinder, the servo actuator is not easily back-driven by the increased load. When the weld 
nut softens or becomes plastic, the load is reduced, which in turn is sensed by the load sensor 
54. 

The weld controller 42 has a master control logic that controls the extension and 
retraction of the actuator 22 and the application of welding current to the electrodes. 

1 5 According to one embodiment of the present invention, it is preferable to bring the electrodes 
together so as to apply a predetermined squeezing force on the workpiece. The position of 
the electrodes after then squeezing force has been applied may be referred to as a contact 
position. A welding current is then applied and a weld nugget is formed. During expansion 
of the weld nugget, the load on the electrode increases, but the electrodes are preferably held 

20 in place, in the contact position, by the servo actuator 22. As will be clear to those of skill in 
the art, the additional load on the electrodes from the weld nugget expansion mav cause 
some deflection of the welding gun components. Therefore, the electrodes may be move 
apart slightly from the contact position. However, for purposes of this application, this 
slightly spread position is considered to still be substantially the contact position . 

25 The load sensor produces a signal that indicates an increase in load during expansion 

of the weld nugget. The force output of the actuator 22 may be increased by the controller to 
counteract the pressure exerted by the weld nugget. Expansion of the weld nugget is 
followed by softening and indentation stage, at which point the load sensed by the load 
sensor is reduced and an appropriate signal is transmitted to the controller 42. The controller 
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may then cause the welding current to be shut off, either inunediately, or at a predetermined 
interval after the weld nugget softens or becomes plastic. As an alternative, the weld 
controller may additionally move the electrodes closer together, with respect to the contact 
position, upon receiving a signal from the load sensor that softening of the weld nugget has 
5 occurred, thus allowing the electrodes to continue contacting the weld nugget during 
contraction and indentation. 

According to an alternative embodiment of the present invention, the load sensor by 
the electrode may be eliminated, with the load on the electrodes instead being determined by 
monitoring the conditions of the servo actuator 22. As will be known to those of skill in the 

10 art, the load on the electrodes may be determined directly by sensing the current draw of the 
servo actuator 22. In this case, the current sensor, which may form part of the servo control 
electronics, may be considered to be the load sensor. The load on the servo actuator may be 
indirectly determined in other ways as well. 

Illustratively, a position sensor may be used in place of the load sensor for detecting 

15 a change in position of the at least one movable electrode when the weld nugget expands 
and becomes plastic. A position sensor is schematically shown at 62 in Figure 3. As known 
to those of skill in the art, a position sensor for determining the relative or absolute position 
of the servo rod 48, and, therefore, the electrode, may be implemented in a number of ways. 
For example, a linear or rotary encoder or resolver may be used. If a rotary encoder is used, 

20 it may sense the rotor position of the motor that forms a portion of the actuator, a gear, the 
screw rod, or the nut. A linear encoder may be used to directly sense the linear position of 
the rod 48. In each case, the position sensing may be relative or absolute. 

The expansion of the weld nugget will increase the force on the electrode to cause the 
electrode to experience negative movement or to be moved backward. Thereafter when the 

25 weld nugget becomes plastic, the force on the electrode will decrease such that the electrode 
may experience positive movement or be moved forward. The position sensor is operative to 
detect the backward movement of the electrode when the weld nugget expands and operates 
to send a signal to the controller 42 to control the power supply 32 to increase current to the 
servo actuator 22 such that backward movement is prevented. When the weld nugget 
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becomes plastic or softens, the increased current will urge the electrode to move forward. 
The forward movement of the electrode is sensed by the position sensor which sends a signal 
to the controller 42 indicative of the forward movement whereby the controller 42 then 
operates to control the power supply 32 to stop providing weld power to the electrodes. 
5 Additionally, the controller 42 may be adapted to control the servo actuator 22 to move the 
electrode forward after the weld nugget becomes plastic such that the electrodes continue to 
contact the workpiece. 

The operation of the welding gun according to this alternative embodiment, during 
the welding event, may be substantially the same as in the embodiment including the load 
10 sensor. The electrodes are brought together so as to apply a predetermined squeezing force 
on the workpiece, with the squeezing force being indirectly determined by the load on the 
servo actuator. The servo actuator may then hold the electrodes in place during the flow of 
current and expansion of the weld nugget. The increasing load on the electrodes may be 
directly sensed by the load sensor or indirectly via the servo actuator. As softening occurs, 
15 the load on the servo will be decreased, and current flow may be terminated by the 
controller, with or without the electrodes being moved inwardly during the softening. 

As will be clear to those of skill in the art, the present invention may be adapted and 
modified in various ways without departing from the intent or scope of the present invention. 

We claim: 


